The presence of Ursinia nana, an Anthemideae of South-African origin which has been introduced into the NE Iberian Peninsula, is reported for the fi rst time in Europe. The data offered cover its precise location, morphology, chromosome number, ecology and a population census, as well as its life cycle, fl oral structure, reproductive biology and fruit dispersal mechanisms. Of special note are the clear predominance of autogamy (geitonogamy) over xenogamy as a reproductive system and the large number of fruits produced with high and immediate germinative capacity. These characteristics permit rapid colonization by the introduced species, which can become invasive. However, fruit predation by the ant Messor barbarus points to a natural mechanism that helps regulate population growth and makes biological control possible. Finally its possibilities of expansion in the colonized area and of naturalization in the NE Iberian Peninsula are assessed.
INTRODUCTION
In the course of a fl oristic prospection campaign in the Priorat comarca (Catalonia, Tarragona Province, Spain) in May 2006, we detected a large population of small, early-fl owering annual Anthemideae with attractive yellow fl owers in the vicinity of Falset, towards Gratallops. After a laborious study, the species was identifi ed as Ursinia nana subsp. nana (Anthemideae, Asteraceae) (Fig. 1) , a plant of South African origin that has never previously been cited as an adventive in the Iberian Peninsula or Europe.
Of all the species in the genus, U. nana has the largest distribution area. Subsp. nana is found throughout SW Africa (Prassler, 1967) , Cape Province (Bond & Goldblatt, 1984) , South Africa (Retief & Herman, 1997) , Pretoria (Wyk & Malan, 1988) , Rhodesia, Botswana, Lesotho and Natal (Hilliard, 1977) , Ethiopia, Eritrea and W Australia (Prassler, 1967) (Fig. 2) . There is discussion about its spontaneous presence in the countries along the Nile, but it is an introduced species in Australia and New Zealand, where it behaves as a weed and tends to spread rapidly (Scott & Panetta, 1993) .
In South Africa, species of Ursinia tend usually to be semi-nitrophilous, living on acid, sandy, disturbed ground. Herman (pers. comm.) indicates that U. nana susp. nana should be considered a pioneer species in disturbed places and a weed in certain semi-nitrophilous places. Hilliard (1977) comments that in Natal it lives in somewhat ruderalized pastures between 600 and 1600 m.
Though it is an exotic plant with respect to the local fl ora, it has adapted perfectly to the colonized enclave because it originated in a similar Mediterranean-type climate, and in Falset it fi nds a fl owering time and habitat which bears a certain likeness to the genuine habitat of the South African fynbos. Thus it affords an excellent opportunity for a medium-and long-term comparison of the life strategies of native species and alien species from South Africa which have adapted to a similar Mediterranean-type climate. However we felt it was desirable to give a preliminary publication to certain essential aspects. Some initial goals to set are:
1. To precise some morphological-descriptive and taxonomic aspects. For example, the only reasonably complete description of the plant since De Candolle's protologue is by Prassler and was written in Latin and German (1967) . Some short or very short diagnostic reports in English are to be found in various South African fl oras (Hilliard, 1977; Bond & Goldblatt, 1984; Retief & Herman, 1997 , and others). Consequently we considered it opportune to provide a more detailed description of the Spanish population, along with the fi rst complete iconography of the plant.
2. To shortly describe the special distribution of the invasive colony by placing the subpopulations, quantifying them when possible and describing the habitat where they live.
3. To investigate the possible origin of the introduction by observations on the fi eld, ethnofl oristic survey to the area's inhabitants and bibliographic research. 4. To bring new observations about vegetative and fl oral structures and reproductive biology of the Spanish colony in order to compare it with South-African populations of the same species or with other African annual species of Ursinia with a similar habitat, if there is previous literature. 5. To look for possible predation processes of insects and other animals on leaves, fl owers or seeds of the Spanish colony that may lead us to a possible biological control of the invasion.
6. To reason out the possible future scenario for this invasive colony, if it goes towards its complete naturalization in that area or towards extinction.
These observations serve as an introduction to a more exhaustive later study.
MATERIAL AND METHODS
The identifi cation and descriptive morphology were based on numerous herbarium samples gathered in the three most signifi cant nuclei of population in the reference locality: Spain, Catalonia, Falset, at a distance of 1.6 km in the direction of Gratallops, Els Costers de les Aubagues (UTM 31TCF 1655), 330-350 m, J. Molero 32/2006 & J. Vallverdú (BCN 46738) .
The chromosome number during mitosis was obtained from root meristems of plants from the aforementioned locality that were cultivated in the Jardí Botànic de Barcelona (JBB) and processed by the usual techniques (Molero & Rovira, 2002) .
The census of pollinators was conducted by means of 30-minute watching periods, separated by 15-minute rests, between 11.00 and 14.00 hours (intervals of maximum insect activity in the locality) on 12 days in April and May 2007 and one day in July 2008. Thus the observations lasted a total of 39 hours.
Observations of the life cycle, fl ower structure, reproduction, fruit dispersal and germinative capacity of the seeds were conducted on wild populations and on 50 specimens grown from seeds gathered in the wild from the reference population and cultivated in the JBB.
The insect exclusion test was performed in a greenhouse in the JBB by isolating 30 specimens (one per pot) with a fi ne nylon net. Isolation of individual capitula in a plastic bag proved unsatisfactory because it led to necrosis of the peduncle, premature falling, and defi cient ripening of the capitulum when viable. The pots were placed together in the greenhouse and protected from draughts with circular plastic sheets so as to preclude the possibility of anemophily. Seed production was analysed in 60 capitula taken from all the selected plants, though quite a few cypselae did not reach total maturity. Their viability was not investigated afterwards.
Germination tests on fruits of U. nana were carried out by two methods. In the laboratory seeds were sown in Petri dishes on fi lter paper moistened with distilled water and a fungicide (Thisulam1535-Novara) at room temperature (26ºC) in the presence of light (advisable for small seeds: Schütz et al., 2002) . In the greenhouse at the JBB (25ºC, 60% humidity, indirect daylight) they were sown in germinators in a sandy substratum containing peat. In both cases the cypselae had been gathered in May 2007, stored in a refrigerator at 10ºC without light, and sown three months later, in September of the same year.
RESULTS AND DISCUSSION

Taxonomic and descriptive aspects
Ursinia nana DC., Prodr. 5: 690 (1836) Icon.: Fig. 1; Figs . 3, 4, 5 (Photo) .
Annual 5-28 cm, glabrous, pubescent or pubescent and glandulous; subsimple to very ramifi ed in the lower 1/3-1/2, with erect-ascending branches; striate stems, ± pubescent, with hairs applicate to erect-patent, 0.2-0.5 mm long; sometimes with sessile glands. Usually with leaves from the base. Leaves 1-3.5 cm long, erect-patent or patent, somewhat fl eshy, oblong or elliptical in shape, with a petiole no more than 1/4 of the lamina, widening at the base and laterally laciniate; lamina 1-2(3) pinnatisect, with leafl ets 2-6 x 0.5-1(2) mm, canaliculate or fl at, acute, apiculate or mucronate (mucro up to 2 mm), glabrous to pubescent, with sessile glands. Single capitulum at the apex of the stem on a long peduncle measuring up to 12 cm, glabrous, radiate; involucre 10-15 mm, bracts at 3-5 levels (multiseriate), the lower and middle ding 5 internal narrow setaceous white scales, of the same length or shorter than the external ones, slightly unequal, soldered onto a basal crown.
Chromosome number 2n = 16 (Fig. 3; Haessler, 1967) . We confi rm the somatic number shared by nearly all the species in the genus, which has the base number x = 8; disploidy is very occasionally found in certain species, with 2n = 14 chromosomes.
Taxonomic position
Ursinia includes about 37 species of South African distribution, divided into two subgenera: Sphenogyne and Ursinia. U. nana belongs to the latter and is part of the series Nanae, which comprises 6 very similar species that differ from one another by few characters related notably to the shape and consistency of their involucral bracts (Prassler, 1967) . It can be distinguished from the most closely related species, U. montana DC., which has curved branches and ones narrowly edged with black, ovate-elliptical; the innermost ones 3-4 x 2.3-2.7 mm, sub-oblong, with scarious appendices maculate at the base, not marginate, semicircular to broadly ovate, 1/3-1/2 of the overall length of the bract. Outer ligulate fl owers sterile, 3-6 mm long; limb 3-4 mm long and tube 1.8-3 mm long, oblanceolate, sub-acute to obtuse, multicoloured, face yellow, reverse pink or reddish with 5-6 clearly marked red nerves on the back. Disc with 8-24 tubulous fl owers, 2-3 mm, with lobes 1/4 -1/5 of the length of the tube, hermaphrodite, yellow; stamens with welded anthers included in the fl oral tube, 1/3 of the overall length of the stamen; style slightly shorter to slightly longer than the anthers, upper half divided into two stylar arms which open entirely; stigmas obconic, truncate-papillose. Paleae navicular to sub-erect, membranous, slightly shorter than the tubulous fl owers they surround, apically truncate. Cypsela 2-2.5 x 1-1.2 mm, obliquely obovate, with 8-10 marked ribs. Biseriate pappus with 5 broad white sepaloid scales, ± obovate, 3-4 x 2-3 mm, with a brown stain on the base, ovate-triangular, surroun-attenuated lobes, by its erect branches and abruptly mucronate leaf lobes. In terms of intra-specifi c variation, Prassler (1967) distinguishes subsp. nana from subsp. leptophylla Prassler (confi ned to South Africa) by the fact that the former is an annual, not a perennial, and by its somewhat fl eshy leaves that are divided several times with lobes of 0.2-0.6 cm, in contrast to the larger, pinnatipartite leaves with lobes of 1-2 cm found in subspecies leptophylla.
Ecology and structure of the colony
In Falset the species colonizes parts of the southern slope of a sandstone (sauló) outcrop produced by the weathering of granite rock intercalated with neutral Palaeozoic schist (licorella), which is very widespread in this comarca, in a fairly small enclave measuring approximately 0.6 km 2 known as "Els Costers and Les Solsides de les Aubagues". So far 3 large nuclei of population have been detected (Fig. 2) . In 2007, they varied in size from c. 630 individuals in the smallest colony, which is at the lowest altitude (location 3 on the map) beside the road, to c. 2260 individuals in the intermediate colony (2) and c. 4600 in the highest colony (1), which is probably the oldest and founding colony. This is a total of about 7500 individuals. Annual fl uctuations, due basically to rainfall and temperature, can of course be very wide. They form dense communities on initial bare ground, or looser communities in mixed therophytic pastures, and stretch along an imaginary line some 400 m long, running in a SW-NE direction along the edge of the holm oak and pine wood of Quercus ilex subs. ilex and Pinus pinea, in which thin scrub alternates with pastures of annuals. Ursinia nana forms part of various communities, some of which, such as the silicicolous pastures of Helianthemion guttati, on very sandy, distinctly acid ground, are not at all altered. Elsewhere it is found in ill-defi ned transitional communities lying between habitats near the edge of the wood, arable land and the edge of a forest track, which are somewhat altered by anthropic activity. It is widespread in clearings in the holm-oak wood, in scrub of Cistus monspeliensis, C. albidus, Lavandula stoechas, Anthyllis cytisoides and Thymus vulgaris, where it is found amid a mixture of strictly silicicolous annuals, some of them characteristic of crop fi elds, and others that are semi-nitrophilous in tendency.
Populations origin
We fi nd no reasonable explanation of how this alien species was introduced into this spot. The countryside is a blend of farm-and woodland, typical of the comarca of Priorat. Human presence is evenly divided between farming, woodland management by ancestral methods, and a few isolated dwellings. Dry-land crops alternate with cereal crops, vineyards, almond groves and a few orchards, bordering on the little-exploited woodland. The Ursinia populations colonize small sunny slopes beside the woods, but do not extend into the thick grassland or the disturbed soil of arable land or fallow land and do not act here as a weed. An ethnofl oristic survey we conducted among the few farmers and other inhabitants of the area (there are 3 small rural dwellings and a pig farm quite close to the enclave) produced no indication that the species was grown for ornamental purposes. It is not used as a melliferous species by the few beekeepers with hives in the vicinity either. Nor is it found in the few nearby vineyards, where the vines are of a native variety (garnacha) and no South African stocks or other allochthonous elements have been introduced. To our knowledge no ornamental variety of Ursinia is grown there: at least we saw none and our surveys detected none in the nearby locations of Falset or Gratallops. Everett (1982) mentions U. cakilifolia and U. chrysanthemoides are grown in nurseries in Europa. Cullen (2000) adds U. anethoides, U. anthemoides and U. speciosa to the list. There is no mention of U. nana being used for this purpose, though seeds of this species can now be purchased on the Internet for ornamental use. It is also cited as a weed in the worldwide data base (GCW, 2007) .
On the basis of available data its appearance in this enclave must be considered an unsolved mystery. The large number of individuals, the relative extension and present stability of the populations indicate −notwithstanding its effi cient propagation methods− that its introduction cannot have occurred very recently, if one assumes that it originated from a single seed or capitulum. We infer that the colonization process cannot have lasted less than 5-8 years, which considerably predates the effective marketing of the seeds on the Internet (from 2006 onwards). 
Observations about its life-history, phenology, fl oral architecture and reproductive biology in Spain
Life-history and phenology
The species has an annual cycle and in southern Africa bears fl owers and fruit in (May) July to December (January), depending on latitude, altitude and seasonal rainfall (Prassler, 1967; Hilliard, 1977) . In Falset the cycle begins very early in spring (late February-March) if it has rained during the winter; the fl owers open in late March or April, and fruits are borne in May; senescence and shrivelling up occur in June. However, if post-summer or autumn rains fall (September-October), there can be a second phase of less abundant germination and fl owering, and fructifi cation continues into November. After the exceptionally warm winter of 2007, the fi rst rain in February produced a demographic explosion of seedlings and by the end of the month a few individuals were already in fl ower. The seeds appear to retain a high germinative potential, practically without dormancy. This is conducive to the sudden, massive appearance of new seedlings after every occasional shower (our observations and those of Hermann, pers. comm.). This strategy is characteristic of the Mediterranean pattern and is not infrequent in South Africa, which has a climate very similar to our own (Schütz et al., 2002) . In Falset, if post-summer rains occur, there are plants fl owering and bearing fruit virtually all year round, except during the coldest months of December, January (February) and the summer months of July-August.
Vegetative and fl oral development
The growth of new branches, and especially new capitula, takes place from the basal vegetative zone and lasts throughout the cycle, which is conditioned by seasonal rainfall. Each individual plant usually lives for two months, and up to fi ve months if protected by the mantle of trees. Thus the fruits on each capitulum gradually ripen over a period of time. Finally when the capitulum has scattered all its seeds and remains empty, a zone of necrosis appears on the peduncle, 1-3 cm from the base of the capitulum, causing it to bend over for a time and ultimately drop. The rest of the peduncle stays green until the whole plant shrivels up. This process is repeated for all the capitula: the apical capitula that drop are replaced by younger ones, which emerge from the lower branches, lengthening the peduncle. Obviously this very long peduncle (up to 12 cm in a plant whose overall height does not exceed 30 cm) suggests that it was created fi rst and foremost to facilitate pollination and the subsequent dispersal of the fruits.
Ursinia nana is a distinctly thermophilous and heliophilous plant which displays a clear Heliantheae light-energy dependency syndrome. When it is deprived of direct sunlight and the temperature is cool, the capitula are closed and pendulous (Fig. 4A) while the ligules are folded inwards, revealing their reddish underside. In order to reactivate it needs a rise in the ambient temperature (to at least 18ºC) and approximately 2-3 hours of direct sunlight (observation carried out between 10.00 and 12.00 hours in April, 2007) . After this period of prior warming, the plant becomes more vigorous and straightens up, the capitula become erect and open radially, deploying their ligules . 4B; 4C) ; the outer, sterile ligulate fl owers open and take up a position perpendicular to the path of the sun, absorbing the radiation and apparently acting as a light signal to attract pollinators. As soon as the sun's radiation begins to decline and temperatures fall, the ligules close again and the capitulum bends over, taking up its night and morning rest position. This behaviour is very similar to that described by van der Walt (2001) for Ursinia cakilifolia DC, another annual species from South Africa, which is pollinated mainly by hymenopterans.
Flower maturation, protandry and geitonogamy
The outer ligulate fl owers of the capitulum are sterile and produce no nectar; they seem to act simply as a visual signal, as well as refl ecting the sun's radiation towards the disc fl owers. Nonetheless the fl oral tube has a glandular secretory indumentum.
The disc fl owers are hermaphrodite and protandrous (Fig. 5) . Flower maturation takes place from close to the outer ligules towards the centre of the capitulum (Figs. 5A ; 5B). The singenesious anthers are located (Figs. 1J; 1K) just below the corolla lobes; when the pollen is ripe the stylar colum emerges, ripping up anthers longitudinally and raising the pollen load onto the truncate, papillose, capitate stigma, and the pollen offers itself to be transported or consumed by possible visitors (Fig. 5C ). In this phase the outer epidermis of the corolla lobes secrete small golden, refringent, terpenic drops (Liu et al., 2006) which can act as an olfactory reward for possible pollinators.
Later (Figs. 5C; 5D), beginning with another centripetal movement, the stylar arms open and offer the dry receptive inner surface, alongside the stylar channel. This surface, in principle, is ready to receive pollen from another fl ower, which can belong to the same capitulum, to another capitulum on the same plant, or to a different plant. Obviously the fl oral structure is designed for xenogamy through the action of pollinators; otherwise this expenditure of energy in preparation for cross-pollination would not take place. And though self-incompatibility has not been reported specifi cally for U. nana, it has been reported for very closely related annual species in South African populations of U. cakelifolia (van der Walt, 2001).
Despite this, geitonogamy appears to be the usual mechanism for pollen transfer in Falset: the stylar branches with their pollen load on the apex bend right over, the papillose terminal stigma deposits the pollen on the receptive surface of another nearby fl ower in the same capitulum, and self-pollination takes place (Fig. 5D) . After a time (2-3 days), the style retracts into the corolla and the stylar arms fold back into a V-shape, just on a level with the anthers (Fig. 1L) .
Pollinator agents
After 23 hours of observation in April-May 2007 in Falset, we concluded that the pollinators that usually frequent this enclave did not visit the fl owers of Ursinia (0 visits!). This did not surprise us particularly because the species' usual pollinators in South Africa −assuming that there it is xenogamous− do not exist in Spain. Visits from generalist pollinators are at any rate a possibility. Apis mellifera is a frequent pollinator in this locality near Falset because several hives exist in the vicinity. The bees often visit the fl owers of the thermophilous scrub, which includes some good melliferous species, but do not visit Ursinia, perhaps because they are not familiar with the fl owers or because the capitulum is small and the peduncle, which is not strong, cannot support their weight. The small numbers of insects present in the cooler period of spring, which is the principal fl owering period for Ursinia, may partially explain the absence of visitors. The lack of pollinators, however, was not obstacle to a signifi cant and abundant crop of fruits (the ripening interval seems to be two weeks). We noticed quite by chance on 8 September 2008 that a few insects were visiting the fl owers of Ursinia during the period of maximum insolation, from 12.00 to 15.00 hours. The most frequent visitor (22 visits recorded in three hours, for periods ranging from 30 seconds to three minutes) was a member of the Megachilidae family (Fig. 4E) (Fig. 4D) , and two visits from the very occasional butterfl y Lycaena phaleas (Lepidopterae), which had only a few seconds of contact (Fig. 4F) . There have been reports (Goldblatt et al., 1998) of pollination of other species of Ursinia from South Africa by pollen-and anther-consuming coleopterans (Scarabidae) but we did not observe this. Thus xenogamy does take place in the Falset population. We do not know if it is functional, however, and its reproductive signifi cance, compared to autogamy, must in any case be very low, and virtually anecdotic. Nocturnal anthesis is not a factor in U. nana since the capitulum fl owers are closed by the external ligules at dusk. Symonides (1988) reported self-pollination and anemophily among species that invaded more or less disturbed habitats in South Africa. Ueckermann & van Rooyen (2000) , on the other hand, showed that Ursinia cakilefolia, which inhabits abandoned fi elds in Namaqualand (South Africa), is strongly dependent on insects for cross-pollination, that its self-incompatibility systems are operational and protandry is functional. Despite this, autogamy in this species attained 20%.
Insect-exclusion test
In view of this, the very high production of seeds in May in the apparent absence of pollinators suggests self-compatibility without internal barriers. This is the only explanation for the large number of fruits that set without the usual pollinators, or with such infrequent visits. To confi rm this hypothesis and rule out the possibility of anemophily we performed an insect exclusion test in the greenhouses at the JBB in which the wind was also absent as a possible vector (see section on Material and Methods).
We isolated 30 individuals and, after a 4-week ripening period, gathered the two most highly developed and mature capitula from each individual. We obtained 338 fruits from the 60 capitula The average number of fruits per capitulum was (8)14.34(23) ± 5.26 (standard deviation). Fruit productivity in the greenhouse is appreciably lower than in wild plants, where it is close to 100%. The cypselae gathered had the adult form but were smaller, with a very pale epicarp, and apparently immature; no subsequent test of germinative viability was carried out. Greenhouse conditions, with high humidity and no direct sunlight, probably contribute to this possible inability to attain full maturity. Once anemophily is ruled out, fruiting can only be explained by functional geitonogamy. This is illustrated in the photos in Fig.  5 , which show specimens used in this test.
It may be that U. nana is entomophilous in South Africa and that the Falset genotype/ecotype has derived towards self-pollination as a result of: a) the selection of immigrant genotypes/ecotypes which allow it to act as a pioneer species; b) the fact that it comes from "autogamous" seeds selected for garden use (if this is indeed its origin). The "shift" towards a self-pollination system (caused by one of these factors) which enhances its invasive action involves a breakdown of herkogamy and of genetic self-incompatibility (if self-incompatibility rates in U. nana are really similar to those of U. cakilifolia in South Africa). The production of autogamous ecotypes of otherwise allogamous plants under the selective pressures exerted by the absence of suitable pollinators is reported by Faegri & van der Pijl (1980) .
Production, ripening and dispersal of fruits
After lengthy exposure to the sun, the rise in temperature in the capitulum speeded up the ripening of the cypselae (Figs. 6A-6E ) and the dehydration of the fi ve young imbricate perianth scales surrounding the fl oral tube (Figs. 6B; 6C) . The mechanical effect of drying causes these scales to unfold spirally until they reach a horizontal position (Fig. 6E ) and raise the cypsela (released by the abscission of the thalamus from its base) by sliding it along the ± curved utricular palea (Fig. 6C) , until it is shown to be open on the capitulum (Figs. 6A; 6D) . The process is rapid, sometimes being completed in minutes. It occurs rhythmically, from the edge towards the centre. There is room in the capitulum for a maximum of 3-5 fruits with their perianth scales open (Fig. 6D) . As they drop, their place is taken by the nearest internal fruits, which expand. Thus the fruits are exposed to any breeze or draught which, if strong, warm and upwardmoving, can scatter the seeds over a considerable distance (medium-and long-distance dispersal). The position of the cypsela −which is obliquely sloping with respect to the open perianth scales (when they come from the outermost fruits on the capitulum, Fig. 1H ), like a rudder (Figs. 6C; 6F)− facilitates their linear movement by protecting it from turbulence. Thus anemochory is the primary medium-and long-distance dispersal mechanism, as in other Ursinia. Ursinia cakilefolia is known in the Karoo region of South Africa as the "parachute daisy" because of its anemochorous dispersal (Van der Walt, 2001). 
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The most widespread dispersal method, however, is short-distance and gravitational (Fig. 6F) : the slightest movement of the plant causes the ripe fruit to fall, and most are scattered within a short radius of the individual (Fig. 6G) , producing a plentiful seed bank.
Fruit production per capitulum is practically the same as fl ower production; nearly all the fl owers are viable. Each capitulum bears (20)26-35 fruits. Since each individual produces (2)6-27 capitula during its life cycle, the theoretical maximum number of seeds per individual is 1,000. The seed bank scattered round the population contains a very large number of seeds and the white outer scales of the cypselae make it visible to the naked eye (Fig. 6G) . The dormancy period appears to be very short and, as is shown by the large number of seedlings produced after isolated showers, the seeds' germinative potential also remains high from one year to the next. Any seasonal shower occurring in conjunction with temperatures not below 10ºC (Schütz et al., 2002) gives rise to an abundant crop of seedlings. In view of this high rate of germination during the fi rst year (we do not know if it is maintained in the following 2-3 years), the ability of this species to colonize new habitats seems to be at least as high as that of U. cakilefolia, whose fruits germinate after 3-7 days in cultivation if properly watered, but germinate irregularly in the wild where they have to compete with other master growing weeds (Van der Walt, 2001).
Germination ability
Of the 50 cypselae sown in Petri dishes, 33 ultimately germinated (68%): after 5 days 3 cypselae had germinated (6%); after 10 days 19 more had germinated (44%, cumulative); after 15 days, 9 more (62%, cumulative); and after 19 days, 2 more (68%, fi nal).
At the same time 50 cypselae were sown in the greenhouse at the JBB of which 46 ultimately germinated (92%). After 5 days none had germinated; after 10 days 7 had germinated (15%); after 15 days, 18 more (50%, cumulative); after 20 days, 14 more (78%, cumulative); and after 25 days, 7 more (92%, fi nal).
In the Petri dishes the seeds began to germinate earlier but the fi nal rate of germination was lower. This may be due to several factors and on the basis of available data only a hypothetical explanation can be offered. Sowing in the greenhouse is technically much more correct and was ultimately more successful in terms of the percentage of germination: the results were close to horticultural standards for U. nana announced on the internet (Clothier, 2003) which indicate that the seeds germinate quickly and easily 14-30 days after sowing at natural conditions of 55-66ºF (12-16ºC).
Predation by ants: a possible biological control of the invasion?
In mid-May 2007 we observed that the highly visible seed rain in the soil surface of some colonies (Fig. 6G) were being partially or totally depleted by ants, which collected them in large quantities (Fig. 6H) and carried them to their nest (Fig. 6I ). They were granivorous ants of the species Messor barbarus (L.), which is present nearly all along the Mediterranean coastline as far as Turkey. They collect a wide variety of seeds and small fruits, as well as scraps of leaves, small twigs and other objects (even small pebbles) which they do not use. In Falset they clearly prefer the fruits of Ursinia to others that are available in the area. This apparent myrmecochory of Ursinia must be interpreted as predation because Ursinia is an annual species and the depth of the ant nest is not suitable for the germination of its fruit. Moreover, the pericarp is relatively soft, so it is very likely that the fruits are consumed by the ants. This is the only explanation for the massive removal of these fruits in some colonies of the three nuclei of population.
Predation of the fruits by Messor barbarus can signifi cantly affect the plant's colonizing effect in Falset and, if the species eventually becomes naturalized in Spain, can help control populations. In South Africa Messor capense affects the distribution and productivity of certain species associated with myrmecochory in pastures in the Karoo region (Dean & Yeaton, 1993) ; U. nana is briefl y mentioned in a list of potential depredators of the plants of the fynbos but its precise relationship to the insect is not specifi ed.
The possible role of chemical repellents such as the sesquiterpenes detected in U. nana (Liu et al., 2006) in biotic interactions with herbivores and other predators is unknown. In Namibia (Burke, 1997 ) U. nana is found in meadows where herbivores habitually graze, but this activity is not a factor in Falset.
Naturalization or extinction? The invasion's possible evolution
Ursinia nana is a strictly silicicolous species, which is thermophilous, heliophilous and somewhat nitrophilous, and requires seasonal rainfall. The main limiting factor for the expansion of these populations in the warm, sunny Priorat region is probably the substratum and of course the seasonal rains, which in some years may be insuffi cient. Sand of granitic origin is confi ned to an area within a radius of 2-3 km of Falset; beyond this the nearest sandstone is in La Cubeta de Mora, a considerable distance away. It seems unlikely that the Palaeozoic schist surrounding these granite outcrops or the nearby limy soil provide a substratum conducive to its propagation. In view of the easy propagation of the adventive's seeds, its natural evolution lies in the colonization of other nearby enclaves with the same substratum, but it is unlikely to spread any farther.
Another obstacle to its propagation and consolidation in the area may be depredation of the seed bank by certain granivorous ants, as commented above.
It is impossible to predict its future evolution. It depends largely on the germinative capacity of its fruits and on their ability to withstand some years of non-germination owing to scant rainfall without entirely losing their germinative potential. However, annual rainfall in the area is seldom less than 400 mm, so severe droughts are not frequent. As a pioneer species it can come into competition with certain native plants for the slightly altered, disturbed spaces in the more superfi cial outcrops of granite substratum. For the time being, however, it does not seem to have a serious effect on the fl oral composition of the acidophilous therophytic pastures which constitute the more natural and least disturbed vegetation. Nor does it currently compete for the usual pollinators in the area: this is due at least partly to its early fl owering time, few pollinators being present when it fl owers, and to their unfamiliarity with it. In agronomical terms it seems unlikely to have a harmful effect on the local agriculture because Ursinia nana does not grow at present on farmland or colonize grassland or dense pastures.
It would be very interesting to study the evolution of these populations in depth, focussing on both their reproductive biology and population dynamics and their genetic diversity. Another interesting topic is the evolution of the germinative capacity of the seeds over time. This could provide a sounder basis for forecasting the evolution of these populations, the prospect −or lack of it− of their becoming defi nitively naturalized, and, in the shortand medium-term, the likely behaviour of other invasive species of the same origin. Ursinia nana affords ideal conditions for a follow-up because of its isolated location, which has undergone slight anthropic infl uence as yet, and the still relatively small and variable size of its populations, which are therefore manageable.
